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The name of rhe itlrerferons 

‘What’s in a name? That which 
we call a rose 

By any other name would smell 
as sweet’ 

Interferon; Interleukin-1; Interleukin-6; B-cell stimulating factor-2 (BSF-2); Mac- 
rophage activating factor 

Introduction 

The name ‘interferon’ was given in 1957 by Isaacs and Lindenmann (1957) to a 
‘factor’ responsible for interference between viruses. Interference itself had al- 
ready been defined much earlier by Findlay and McCallum (1937) as the phenom- 
enon whereby cells or intact animals infected with one virus are partially or com- 
pletely resistant against superinfection by a second related or unrelated virus. It 
took several years of hard preparative and analytical work before proof became 
available that a single protein, and not a complex of interacting biochemical ent- 
ities, was endowed with this new biological action. At that point the term inter- 
feron inevitably came into use to designate the molecule, rather than an ill-defined 
and possibly complex factor. As a next step it became clear that, in the course of 
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virus infections, not a single but several species of molecules, each endowed with 
interferon activity were produced. It then became necessary to provide the term 
interferon with an optional plural ‘s’ as well as to distinguish ‘types’ and ‘subtypes’ 
of interferon. Also, not only viruses but several other agents or substances were 
found to be able to induce production of these molecular species. 

Meanwhile, since various broadly active antiviral factors were described in bi- 
ological fluids of all sorts, it had become necessary to establish criteria for such 
factors to qualify as interferons. In 1966 (Lockart, 1966) 4 criteria were suggested 
for use in classifying an antiviral substance as an interferon. In 1973 (Lockart, 1973) 
these criteria were expanded to seven, as follows: (1) The virus inhibitor must be 
a protein; (2) its antiviral effect must not result from non-specific toxic effects on 
cells; (3) it must be active against a wide range of unrelated viruses; (4) it must 
inhibit virus replication through an intracellular effect which must involve synthe- 
sis by the cells of both RNA and protein. An inhibitor which meets all these cri- 
teria can be classed with certainty as an interferon. In addition, most interferons 
have the following properties; (5) they are found in the body or in tissue cultures 
only when some stimulating substance has been added (there are however a few 
reports of spontaneous interferon production - autogenous interferon); (6) they 
are usually much more active in cells of the homologous species or phylogenetic 
order than in other cells; (7) they are usually stable at pH 2. 

In 1980 (Stewart et al., 1980) these critera were condensed into a brief defini- 
tion: ’ . ..To qualify as an interferon a factor must be a protein which eserts virus 
nonspecific, antiviral activity at least in homologous cells through cellular meta- 
bolic processes involving synthesis of both RNA and proteins...‘. In 19S4, when 
the amino-acid sequences of several interferon proteins had become known, Knight 
(1984) commented as follows: ‘It is ironic that on the molecular level the definition 
of an interferon has become less rather than more specific. No homologous amino- 
acid sequence nor obvious similar secondary or tertiary structures have been found 
to unify the human interferons, thus suggesting that the definition of an interferon 
will remain a biological and not a chemical definition.’ 

The establishment and repeated confirmation of these criteria has had the merit 
to preclude a number of dubious antiviral factors from being called interferons. 
However, since the criteria constituted only necessary, but not sufficient require- 
ments, they probably were unsuitable to exclude all molecules that are not inter- 
ferons. 

Here I will discuss 3 examples of antivirally active molecules to which these cri- 
teria apply, but which are not or may not be true interferons. These molecules are 
IL-l, BSF-2 and IFN-y. 

Interleukin-1 

Interleukin-1 is a cytokine produced mainly by stimulated monocytes (Dinar- 
ello, 1954). There are two types (IL-la and -p) which share most, if not all, bio- 
logical properties. These properties are multiple. All but very few of them were 
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discovered before it was recognized that they belonged to the same molecular ent- 
ity. The interferon-like antiviral effect was no exception: it was discovered as an 
antiviral factor (22K factor) present in mitogen-stimulated human leukocyte cul- 
tures (Van Damme et al., 1981, 1983, 1984, 1985, 1987b). Such cultures were 
known to contain interferon-y. However, careful analysis revealed that a second 
antiviral factor was present. Since its activity was blocked by antisera against IFN- 
B, it was originally believed that this factor was IFN-i3 or any IFN-B-related mol- 
ecule (Van Damme et al., 1981, 1983). However, purification and molecular char- 
acterization showed that the factor corresponded to a protein with a sequence quite 
different from that of IFN-B but identical to that of IL-1B (Van Damme et al., 
1984). It was thereby demonstrated that IL-1B possesses antiviral activity. In fact 
the molecule IL-l/3 meets the four classical criteria for being called an interferon. 
However, not nomenclature but mechanism of action has been the main concern 
triggered by this finding of IL-1 being antivirally active. The most intriguing ele- 
ment in the observations is the fact that the antiviral effect of IL-l can be neu- 
tralized by antibodies directed against IFN-B. The reverse is not true. Also, IL-l 
does not bind to immobilized antibodies against IFN-B and there are no homology 
regions in the amino-acid sequences of IFN-B and IL-l. 

In principle, there are 4 possible explanations for this strange state of affairs. 
IL-1 is a bona fide interferon. Although it does not share amino-acid sequence 

homology with IFN-B, there may be conformational epitopes which explain one- 
directional neutralization without binding. Although this type of serological rela- 
tionship seems unlikely, it should be mentioned that it has been invoked as an ex- 
planation for a similar state of affairs in the case of BSF-2 (see below). 

IL-1 induces, directly or indirectly, the production of IFN-B or a serologically 
related antiviral factor which then acts back on cells to render them resistant against 
virus infection. 

It is known that several, if not all biological effects of IL-1 are mediated by in- 
duction of intermediary biologically active factors (Dinarello et al., 1984). For one 

‘thing, IL-1 is considered as the physiological inducer of IL-2 (T-cell growth fac- 
tor), IL-1 also is able to stimulate bone marrow adherent or stromal cells to pro- 
duce colony stimulating factor(s) (Fibbe et al., 1986; Zucali et al., 1986). The B- 
cell stimulating effect of IL-1 seems to be due to induction of one or more B-cell 
growth and/or differentiation factors, one of which is BSF-2 (Content et al., 1985; 
Van Damme et al., 1987a, 1987c). Other active substances whose production is 
induced by IL-1 are: collagenase, prostaglandin synthetase, tissue-type plasmino- 
gen activator and urokinase. In view of this long list of factors which are inducible 
by IL-l, it would not be surprising to find that IL-1 would also stimulate synthesis 
of IFN-B. Experiments done to demonstrate such an effect have met with several 
difficulties (Van Damme et al., 1985). One is the fact that induction, if present, is 
very weak, both at the level of secreted protein and at the level of IFN-B-specific 
mRNA. A second difficulty is the fact that IL-1 is a potent inducer of BSF-2 (Con- 
tent et al., 1985; Van Damme et al., 1987a, 1987c). This B-cell growth and dif- 
ferentiation factor happens to possess antiviral activity, which is the reason why it 
is also known under the name of IFN-&. Although this antiviral activity is quali- 
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tatively (i.e. serologically) indistinguishable from that of classical IFN-l3 (hence- 
forth IFN-B,), it is quantitatively much less pronounced as its specific activity is > 
lOOOO-fold lower. Therefore, if one wants to explain the antiviral effect of IL-1 by 
its ability to induce IFN-B-like molecules one has the frustrating choice between 
weak induction of a strongly active IFN-B, or strong induction of a weakly active 
IFN-Pz (= BSF-2). 

IL-l may act antivirally by inducing increased numbers of receptors for IFN-B. 
If IL-1 were able to cause an increase in the number or availability of receptors 
for IFN-B, and if small amounts of IFN-l3, which would otherwise be insufficient 
to affect cells, were already present in cellular microenvironment, IL-l would make 
the cells receptive to that constitutive interferon and thereby induce an antiviral 
state. There is evidence that certain cells, especially of fibroblastoid origin, may 
produce small amounts of IFN-P without really being stimulated to do so (Van 
Damme et al., 198.5). Whether IL-l does indeed cause increased numbers of IFN- 
p receptors has not been studied so far. 

A last consideration is that the various hypotheses already formulated are not 
mutually exclusive. One could postulate, indeed, that IL-l has some direct anti- 
viral activity of its own but also synergizes with IFN-B, (present in the system and/or 
induced by IL-l) and with IFN-B, (induced by IL-l). Although some of the ele- 
ments in this hypothesis are amenable to testing, evidence has so far not been 
brought forward. 

In conclusion, the antiviral effect of IL-l on cells is largely indirect involving the 
participation of IFN-B, and/or IFN-P, (BSF-2). We have no reason therefore to 
call IL-l an interferon. The case of IL-l should be a reason to introduce an ad- 
ditional criterion for a molecule to qualify as an interferon, namely requiring that 
the molecule should exert its antiviral action directly and not by inducing known 
interferon(s). 

B-cell stimulating factor-2 (BSF-2 = 26K protein = IFN-P, IL-6) 

Human BSF-2 is a factor primarily defined as being produced by T cells and en- 
dowed with the ability to promote Ig-synthesis by EBV-transformed human B-cells 
(Hirano et al., 1985, 1986). Recently, the protein corresponding to this factor has 
been obtained, characterized and found to be identical to a protein called 26K 
(Billiau, 1986; Sehgal et al., 1987). This protein has been known for several years 
to be produced by fibroblasts and claimed to be endowed with antiviral activity, 
which is the reason why it is referred to by some authors as IFN-B, (Weissenbach 
et al., 1979). The fibroblast-derived protein also possesses growth promoting ac- 
tivity for B-hybridoma and plasmacytoma cells (HPGF = hybridoma-plasmacy- 
toma growth factor) (Van Damme et al., 1987c). 

Having 4 names for the same molecular entity is an undesirable source of con- 
fusion and therefore it will be necessary in the future to discard at least 3 of the 4 
current terms for the molecule. It has already been proposed that the molecule be 
renamed as interleukin-6 (Poupart et al., 1987). Here we will preferentially use 
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the designation 26K protein since it is the most ‘neutral’ of designations. We will 
reflect on the reasons why (or why not) this molecule should be ranked among the 
interferons. 

The claim for antiviral activity of the molecule is intimately linked with its first 
discovery as a substance produced by human fibroblasts (Content et al., 1952; 
Sehgal and Sagar, 19SO; Weissenbach et al., 1979, 19SO). Investigators involved in 
the cloning of classical IFN-P, found that stimulated human fibroblasts produced 
two populations of mRNA whose gene products in in vitro translation systems were 
precipitable with antisera raised against more-or-less pure IFN-P. One of these 
mRNAs was unambiguously found to correspond to classical IFN-P (IFN-P,) by 
several criteria of which the following are only a few: (1) the amino-acid sequence, 
as derived from the cDNA sequence, matches that determined on the natural IFN- 
pi protein; (2) the in vitro translation gene product is precipitated by the purest 
available antisera against IFN-P,; (3) the corresponding gene, like the genes of IFN- 
(Y has no introns and is localized on the same chromosome, both in man and in 
mouse. The second of the mRNA populations which appears in stimulated fibro- 
blasts proved to code for an immunoprecipitable protein with quite different prop- 
erties, and subject to different regulatory influences (Poupart et al., 1984). 

In certain assay systems the in vitro translation product possessed interferon-like 
antiviral activity (Sehgal and Sagar 19SO; Weissenbach et al., 1979, 1980). This ac- 
tivity was weak in that demonstrating it required the use of the most sensitive of 
bio-assays available. That the molecule does indeed possess antiviral activity was 
later confirmed in experiments using the gene product obtained by expression in 
heterologous cells (Revel et al., 1986; Zilberstein et al., 1956). The fact that dem- 
onstration of the antiviral activity requires either extremely sensitive bio-assays or 
concentrations of the product which have so far only been attainable by the use of 
recombinant DNA-derived materials, raises the inevitable question whether this 
antiviral activity is not rather a side-effect. Given the fact that the protein pos- 
sesses at least two other biological activities, i.e. B-cell growth and B-cell differ- 
entiation promoting activity (Billiau, 1986, 1987; Hirano et al., 1952. 19g5; Sehgal 
et al., 1987; Van Damme et al., 19S7c), a comparison of specific activities (i.e. bi- 
ological units per unit weight of product) is imperative. Presently available data 
are summarized in Table 1. Although the natural product was obtained in high 
concentrations (1.7 X 10’ units of HGF activity per ml, or > 1.7 X 10y units/mg 
protein) and in sufficiently pure form to reveal the N-terminal amino acid se- 
quence, it did not possess antiviral activity (< 10’ units/ml) in an assay system where 
classical IFN-P, had the expected specific antiviral activity of 10s units/ml. Ac- 
cordingly, the specific antiviral activity of BSF-2 was estimated to be less than 10” 
units/mg protein. A similar discrepancy between high B-cell stimulatory effect and 
lack of antiviral effect was also seen with the recombinant-DNA-derived product 
(Poupart et al., 1987). 

The results of this comparison support the view that the antiviral effect of BSF- 
2 reflects an epiphenomenon rather than the main biological activity of the mol- 
ecule. 

The amino-acid sequence of the BSF-2 molecule differs significantly from that 
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of IFN+,. Some homologies in sequence and resemblance in hydropathy maps have 
been brought to attention (Revel et al., 1986). However, these resemblances are 
not better than those between IFN-a/l3 and IFN-y (De Grado et al., 1982; Dijk- 
mans and Billiau, 1985). Therefore, on the sole basis of amino-acid sequence 
homologies there is no better reason to designate this molecule as an IFN-l3 than 
there would be to call it IFN-u, IFN-y or other. 

Although the in vitro translation products of 26K mRNA are precipitable with 
antisera prepared against semi-purified batches of IFN-l3, (now known to be con- 
taminated with 26K protein), the translation products are not precipitable with 
highly specific polyclonal antibodies against IFN-l3, (Content et al., 1982; Zilber- 
stein et al., 1985). Also, the natural fibroblast-derived molecule does not bind on 
immobilized antibodies directed against IFN-Pi, but do bind on immobilized an- 
tibodies against 26K protein itself. 

In spite of this apparent failure of 26K protein to bind to antibodies against IFN- 
p, the antiviral activity of the molecule does not manifest itself when antibodies 
directed against IFN-8, are included in the system. Nonspecificity of the antibod- 
ies cannot account for this observation, since the use of monoclonal antibodies 
against IFN-l3, has yielded the same result. 

Currently, two hypotheses for explaining this strange phenomenon are under in- 
vestigation. The first hypothesis tries to explain the antiviral effect of 26K protein 
by postulating that high doses of it induce production of classical IFN-pi which acts 
back on the cells rendering them resistant against virus infection. This hypothesis 
can explain all positive observations, including for instance the fact that 26K pro- 
tein induces intracellular enzymes and cell-membrane antigens which are also in- 
duced by other interferons. It also predicts that anti-IFN+,-antibodies, although 
they may be able to neutralize the antiviral effect of high doses of 26K protein, 
may not be able to neutralize the B-cell stimulating effects of even low doses of 
the same protein. This prediction matches reality. Unfortunately, positive evi- 
dence demonstrating induction if IFN-P, production by 26K protein is at present 
not (yet) available (Zilberstein et al., 1985). Therefore, while not being totally un- 
likely, this hypothesis must be held in abeyance. 

The second hypothesis assigns direct antiviral activity to the 26K protein by vir- 
tue of its ability to bind and trigger directly the IFN-Pi receptor on cells. Neu- 
tralization of this antiviral activity by antibody against IFN-Pi is explained by as- 
suming that such antibody recognizes and blocks the site on the 26K protein which 
it shares with IFN-P, and which triggers the receptor. However, this goes counter 
to the observation that even the strongest available polyclonal anti-IFN-l3, anti- 
bodies are unable to bind any 26K protein. Therefore, this hypothesis seems rather 
unlikely. 

From these considerations it seems logical to conclude that: The 26K protein, 
also known as IFN-P,, BSF-2 and HPGF, may have antiviral activity, which meets 
all classical but minimal criteria for the molecule to qualify as an interferon; yet, 
there is considerable doubt as to whether the protein directly binds and activates 
the receptor of IFN-8, (or any other known interferon receptor). In particular, the 
possibility that the molecule exerts its antiviral effect indirectly by a mechanism 
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requiring intervention of IFN-l3, has not been excluded; on the basis of amino-acid 
sequence homologies and antibody-binding studies 26K protein is sufficiently dif- 
ferent from IFN-B, as well as from IFN-ol and -y, to be excluded from either of 
these existing categories of substances; the dose (weight/volume) of the protein re- 
quired for demonstration of antiviral effect is at least 10000-fold higher than that 
required for demonstration of its B-cell stimulatory effect, supporting the view that 
B-cell stimulation is to be considered as the main biological function of the pro- 
tein. 

Interferon-y (IFN-y) 

Wheelock (1965) discovered that the supernatant fluid of leukocyte cultures, 
stimulated with mitogens, contain a factor(s) possessing interferon-like activity. 

Physicochemically this factor appeared to stand apart from ‘classical’ interferon 
(now known as (Y and p), in that its activity was largely, if not entirely, lost on 
acidification. For a while the terms ‘immune interferon’ (Falcoff, 1972) and ‘type 
II interferon’ (Youngner and Salvin, 1973) came into use to designate the active 
principle. Eventually antisera against this interferon were produced which were able 
to neutralize its antiviral effect but not that of classical (type I) interferons. In re- 
verse, antisera prepared against classical interferons were unable to neutralize the 
immune-induced antiviral factor. In 1980 a nomenclature committee (Stewart et 
al., 1980) decided to accept serological reactivity in neutralization assays as a basis 
to distinguish molecular types of interferons. On this basis the former designation 
‘type I interferon’, which in the human system comprised the serologically distinct 
leukocyte- and fibroblast-derived interferons, was replaced by ‘IFN-a’ and ‘IFN- 
B’. Application of the same and sole serological criterion led to the replacement 
of the term ‘type II interferon’ by ‘IFN-y’. This renaming implied the assumption 
that there was not more (or not less) difference between IFN-o and IFN-B than 
between either of them and IFN-y. However, subsequent molecular and biological 
characterization of these molecules revealed this assumption to be wrong in that 
IFN-(Y and -B are similar in many aspects and quite different from IFN-y. Briefly, 
the primary structure of IFN-cx and -B shows extensive homology indicating that 
their genes are derived from a common ancestor; the primary sequence of IFN-y, 
on the other hand, is quite different from that of either IFN-R or -B (De Grado 
et al., 1982; Dijkmans and Billiau 1985). The genes for all IFN-ol subtypes and for 
IFN-l3 are localized on the same chromosome, both in man (chromosome 9) and 
in mice (chromosome 4), while the gene for IFN-y is localized on a different chro- 
mosome (no 12 in man; no 10 in mouse) (Lovett et al., 1984; Naylor et al., 1984; 
Sehgal, 1982). In addition, the genes of IFN-a and -B are intronless while that for 
IFN-y does contain introns (Gray and Goeddel, 1983; Gray et al., 1982; Naylor et 
al., 1983). The cell membrane receptor for IFN-y is different from that for IFN-ol 
and -p, which appear to share the same or a very similar receptor (Aguet, 1980; 
Anderson et al., 1982; Branca and Baglioni, 1981). Intracellular proteins induced 
by IFN-o and IFN-p are the same, while IFN-y induces an additional set (Weil et 



al., 1933). Important qualitative differences between IFNs-oJP and IFN-y esist with 
respect to their immunomodulatory activities. IFN-IX and/or -p mainly affect the 
activity of NK-cells, while IFN-y mainly affects the activity of macrophages. 

In view of these considerations there is now general agreement to say that IFN- 
a/p and IFN-y are structurally and functionally different molecules. I will now ar- 
gue that, although both types of molecules do fulfill the minimal criteria to qualify 
as interferons, IFN-y may not fulfill the more critical additional criteria which have 
been outlined above. In particular I will try to answer two questions. Is the anti- 
viral activity as quantified by specific activity values, of the same order of magni- 
tude as or superior to other biological activities of the molecule?; is the antiviral 
effect of IFN-y on cells a direct effect or is it partly or entirely due to induction 
of other cytokines? 

IFN- y is the principal T-lymphokine with nlacrophage-nctivntirlS potentid 

Cells of macrophage/monocyte lineage perform important tasks in host defence 
against various foreign agents, in particular microorganisms, tissue transplants and 
cancer cells. Their activities consist mainly of (1) phagocytosis and pinocytosis, 
which is often mediated by receptors for the Fc fragment of immune globulins 
(FcR); (2) intracellular killing of ingested agents, e.g. parasites, a phenomenon 
which depends ifi part on osidative metabolism; (3) killing of foreign cells by a 
non-phagocytic, contact-mediated event which may be antibody-dependent or -in- 
dependent; (4) secretion of monokines (IL-l, TNF, and possibly others), which in 
turn exert initiating or regulatoiy actions on the immune system; (5) antigen pres- 
entation to lymphocytes which depends on the presence on the macrophage cell 
membrane of class II antigens; (6) release of proteases; (7) release of prostaglan- 
dins and leukotrienes; (S) release of superoxide components. 

Resting macrophages do not exert the cited activities or do so to a limited extent 
only. Development of full activity, designated as activation (in a broader sense) is 
a multi-step process requiring two or more signals from the environment. An im- 
portant signal recognized already in 1966 by Bloom and Bennet (1966) is an en- 
dogenous factor or complex of factors produced by T-lymphocytes. Various names 
have been given to these T-lymphokine(s) (for review see Morley et al., (1975)): 
MIF or migration inhibitory factor; MAF or macrophage aggregating factor; MCF 
or macrophage chemotactic factor; MMF or macrophage mitogenic factor are but 
a few. Currently, the more popular term is ‘MAF’ for macrophage activating fac- 
tor (Weinberg et al., 197S), referring to assays using intracellular killing of para- 
sites (Nathan et al., 1983), stimulation of oxidative metabolism (Nathan et al., 
1953), enhanced expression of Class II antigens (Steeg et al., 1982), or enhanced 
tumor cell killing (Weinberg et al., 1975). 

It has now become increasingly clear that T-cell derived MAF is indistinguish- 
able from IFN-y. The arguments for this are as follows: (1) ultra-pure or recom- 
binant DNA-derived IFN--y have been shown to possess high biological activity in 
various MAF assays (Basham, 1984; Nathan et al., 1953; Pace et al., 19SS); (2) a 
linear correlation exists between titers of MAF and of IFN-r in crude or semi- 



purified T-cell supernatants of various origin (Schreiber et al., 1983; Steeg et al., 
1982); (3) all of the MAF activity of crude, semipurified or pure IFN--y prepara- 
tions can be neutralized by monoclonal antibodies which also neutralize their an- 
tiviral activity (Nathan et al, 1983; Schreiber, 1985). 

It is not excluded that there exist non-IFN-y MAF’s but, with current assay sys- 
tems, they seem to be in a minority. 

A point of crucial importance for the present discussion is whether the specific 
activity (biological units/weight unit) of IFN-y is higher for its MAF-activity than 
for its antiviral activity. In view of the many activities which one can use to meas- 
ure macrophage activation, and also in view of the various additional environ- 
mental signals which may be introduced to influence activation, it is quite under- 
standable that assays for MAF vary widely in sensitivity and specificity. Also, at 
present there are no recognized international standard preparations for calibrating 
biological activities of mouse IFN-y preparations. For these reasons the question 
raised cannot unequivocally be answered. However, an overview of the available 
information (see Table 2) leaves one with the impression that MAF activity of a 
given sample of IFN-y is at least as high as its antiviral activity. The highest MAF- 
activities per unit of antiviral activity were noted when the MAF assay was made 
extremely sensitive by the introduction of a second signal (Schreiber, 1985). 

Another question is whether the MAF activity of IFN-y is higher than that of 
IFN-cx and/or -p. Only one careful quantitative comparison relevant to this ques- 
tion is available in the literature (Pace et al., 1985). Whatever additional infor- 
mation is available is included in Table 2. From these studies, some of which have 
used MAF assay systems supposed to be highly sensitive (Boraschi and Tagliabue, 
1981), it appears that for IFN-a and/or -p to exert MAF effects, they must be ap- 
plied in lo- to 100-fold the minimal dose required for antiviral effects. 

In conclusion, available quantitative information seems to support the view that, 
while all IFNs can activate macrophages, IFN-0(/p do so as a side effect, while IFN- 
y possesses macrophage activating potential as a principal biological function. 

The indirect antiviral action of IFN-y 

The first recorded indication that IFN-y may exert its antiviral activity through 
an indirect mechanism came from studies on the requirement for protein synthesis 
(Dianzani et al., 1980). It was shown that the establishment of the antiviral state 
in mouse cells following IFN-y treatment required two rounds of protein synthesis 
rather than one in the case of IFN-o/P. In subsequent studies, from the same lab- 
oratory, it was shown that, under specific conditions, a large portion of the anti- 
viral effect of mouse IFN-y could be blocked by antibodies directed against mouse 
IFN-cx (Hughes and Baron, J.987a,b). The specific condition seems to be that the 
cell monolayers are not confluent when exposed to IFN-y. It is assumed that in 
confluent monolayers the antibody against IFN-IX cannot reach its target as it may 
be trapped in the narrow spaces between cells. As a corollary the authors could 
show that, both in a sub-cultured mouse cell line (L929) and in fresh splenocyte 
cultures IFN-y could induce production of an acid-resistant interferon-like factor, 
probably IFN-(II and/or -p. 



66 

In discussing their results, the authors raise the obvious question why neutrali- 
zation of the antiviral activity of IFN-r by antibodies against IFN-CY had not been 
seen in the past. Cross-neutralization assays using antisera specific for the three 
types of IFN are common practice in many laboratories and often form the basis 
for distinguishing IFN-y from IFN-(r/l3 in crude or semipurified preparations. Two 
explanations are suggested. One is that, in performing cross-neutralization assays, 
most authors use confluent monolayers. The second one is that they may use con- 
centrations of anti-o or + antibodies that are too small to reveal their neutralizing 
effect. A third explanation, not incompatible with the previous ones, is that var- 
ious investigators did observe neutralization of IFN-y by anti-o or -p antisera but 
that, out of concern for specificity, they have adjusted conditions (confluency and/or 
antibody dose) so as to avoid having to explain the anti-paradigmatic observation. 

Given these observations, it becomes obvious that IFN-y may exert its antiviral 
activity (or at least part of it) in much the same way as IL-l i.e. by inducing other 
interferons. 

In summary, the primary physiological role of IFN-7 seems to be its activating 
potential for macrophages. Secondly, it seems not excluded that the antiviral ef- 
fect on cells results from induction of IFN-0~ and/or -p. Therefore, although the 
molecule fulfills the minimal criteria for being called an interferon, it may not ful- 
fill the additional criteria which were also used to challenge the interferon status 
of IL-1 and 26K protein. 

Epilogue 

The term interferon was introduced 30 years ago to designate biologically active 
cellular proteins (today we would say cytokines) which mediate interference be- 
tween viruses. 

My overview has been focussed on recent observations which indicate that cer- 
tain cytokines, e.g. IL-l, may exert interferon-like antiviral effects on cells by vir- 
tue of their ability to induce production of classical interferons, i.e. IFN-tx and/or 
-l3. Secondly, I have emphasized the fact that these cytokines have other biological 
activities which supersede the antiviral properties in importance and pathophy- 
siological relevance. As typical examples for this situation I have taken IL-l, but 
I have argued that the same may apply to the human 26K protein, also known as 
IFN& (BSF-2 or HPGF), as well as to EN-y, which is generally considered as 
the main macrophage activating T-cell lymphokine. 

One might therefore suggest the acceptance of two additional criteria for a cy- 
tokine to be classified as an interferon, namely (1) the cytokine must not exert its 
action by inducing production .of a classical interferon and (2) the antiviral activity 
must not be superseded in quantitative (specific activity, unitslmg protein) or qual- 
itative (physiological or.pathophysiological) importance by other biological activ- 
ities, of the molecule. However, application of the latter criterion may not always 
be easy, because it implies a fair deal of subjective judgement. Also, new biolog- 
ical actions may be revealed which open the way for challenging the interferon sta- 



tus of a cytokine. Therefore, the best solution might consist in integrating the in- 
terferons in the interleukin nomenclature system. This system has indeed been 
designed such that it can accommodate cytokines possessing multiple biological ac- 
tions. All interferons, including IFN-& (26K protein) fulfill the criteria set out for 
a cytokine to be termed interleukins. These criteria are proposed to be as follows 
(Smith, 1986): (1) the substance should be produced by leukocytes. (not necessar- 
ily exclusively); (2) it should have a function in host inflammatory responses to in- 
vasion by microbes and other agents; and (3) the primary amino acid sequence 
should be known for the human factor. It has already been suggested (Poupart et 
al., 1987) that the human 26K protein (IFN-8,, BSF-2, HPGF) be called IL-6, a 
proposal which will probably be generally if not officially accepted when this paper 
appears in print. However, the arguments assembled in this overview amply jus- 
tify according the interleukin status to interferon-y as well. 

References 

Aguet, M. (1980) High affinity binding of ““I-labeled mouse interferon to a specific surface receptor. 
Nature 2S4, 459-461. 

Anderson, P., Yip, Y.K. and Vilcek, J. (1982) Specific binding of “%human interferon-y to high af- 
finity receptors on human fibroblasts. J. Biol. Chem. 257, 11301-11304. 

Basham, T.Y. and Merigan, T.C. (1983) Recombinant interferon-y increases HLA-DR synthesis and 
expression. J. Immunol. 130, 1492-1494. 

Becker, S. (1984) Interferons as modulators of human monocyte-macrophage differentiation. I. Inter- 
feron-y increases HLA-DR expression and inhibits phagocytosis of zymosan. J. Immunol. 132, 
1249-1254. 

Billiau, A. (1986) BSF-2 is not just a differentiation factor. Nature 324, 415. 
Billiau, A. (1987) Interferon-B, as a promotor of growth and differentiation of B-cells. Immunol. To- 

day 8, 84-87. 
Bloom, B.R. and Bennett, B. (1966) Mechanisms of a reaction in vitro associated with delayed type 

hypersensitivity. Science 153, 80-82. 
Boraschi, D. and Tagliabue, A. (1981) Interferon-induced enhancement of macrophage-mediated tu- 

mor cytolysis and its difference from activation by lymphokines. Eur. J. Immunol. 11, 110-114. 
Branca, A. and Baglioni, C. (1981) Binding to human cells of I31 labeled o-interferon produced in E. 

cob: evidence for different receptors for type I and II interferons. Nature 294, 768-770. 
Content, J., De Wit, L., Pierard, D., Derynck, R., De Clercq, E. and Fiers, W. (1982) Secretory pro- 

teins induced in human libroblasts under conditions used for the production of interferon-p. Proc. 
Natl. Acad. Sci. U.S.A. 79, 2768-2772. 

Content, J., Dewit, L., Poupart, P., Opdenakker, G., Van Damme, J. and Billiau, A. (1985) Induc- 
tion of a 26-kDa protein mRNA in human cells treated with an interleukin-l-related, leukocyte- 
derived factor. Eur. J. Biochem..l52, 253-257. 

De Grado, W.F., Wasserman, Z.R. and Chowdhry, V. (1982) Sequence and structural homologies 
among type I and Type II interferons. Nature 300, 379-381. 

Dianzani, F., Rucco, M., Scuphan, A. and Georgiades, J.A. (1980) Immune and virus-induced inter- 
ferons may activate the cell by different derepressional mechanisms. Nature 283, 400-402. 

Dijkmans, R. and Billiau, A. (1985) An introduction to the genes of the interferon system. In: Inter- 
feron. Their Impact in Biology and Medicine (Taylor-Papadimitriou, J., ed.). pp. l-18. Oxford 
University Press, Oxford. 

Dinarello, C. (1984) Interleukin-1. Rev. Infect. Dis. 6, 51-95. 
Falcoff, R. (1972) Some properties of virus- and immune-induced human lymphocyte interferons. J. 

Gen. Viral. 16, 251-253. 



Fibbe, W.E., Van Damme, J., Billiau, A.. Voogt, P.J., Duinkerken, N., Kluck, P.M.C. and Falken- 
burg, J.H.F. (1986) Interleukin-1 (22-K factor) induces release of granulocyte-macrophage colony- 
stimulating activity from human mononuclear phagocytes. Blood 68, 13161321. 

Findlay, G.M. and Mac Callum, F.O. (1937) An interference phenomenon in relation to yellow fever 
and other viruses. J. Pathol. Bacterial. 44, 405-424. 

Gray, P.W. and Goeddel, D.V. (1983) Cloning and expression of murine immune interferon cDNA. 
Proc. Natl. Acad. Sci. U.S.A. 80, 5842-5846. 

Gray, P.W., Leung, D.W., Pennica, D., Yelverton, E., Najarian, R., Simonsen, C.C., Derynck, R., 
Sherwood, P., Wallace, D.M., Berger, S., Levinson, A.D. and Goeddel, D. (1982) Expression of 
human immune interferon cDNA in E. co/i and monkey cells. Nature 295, 503-508. 

Hirano, T., Taga, T., Nakano, N., Yasukawa, K., Kashiwamura, S., Shimizu, K., Nakajima, K., Pyun, 
K.H. and Kishimoto, T. (1985) Purification to homogeneity and characterization of human B-cell 
differentiation factor (BCDF or BSFp-2). Proc. Natl. Acad. Sci. U.S.A. 82, 5490-5494. 

Hirano, T., Yasukawa, K., Harada, H., Taga, T., Watanabe, Y., Matsuda, T., Kashiwamura, S-I., 
Nakajima, K., Koyama, K., Iwamatsu, A., Tsunasawa, S., Sakijama, F., Matsui, H., Takahara, 
Y., Taniguchi, T. and Kishimoto, T. (1986) Complementary DNA for a novel human interleukin 
(BSF-2) that induces B lymphocytes to produce immunoglobulin. Nature 324, 73-76. 

Hughes, T.K. and Baron, S. (1987a) A possible role for IFNs o and B in the development of IFN-y’s 
antiviral state in mouse and human cells. Tex. Rep. Biol. Med., in press. 

Hughes, T.K. and Baron, S. (1987b) A large component of the antiviral activity of mouse interferon- 
y may be due to its induction of interferon-a. J. Biol. Reg. Homeostatic Agents, in press. 

Huang, K.Y., Donahoe, R.M., Gordon, F. and Dressier, H.R. (1971) Enhancement of phagocytosis 
by interferon-containing preparations. Infect. Immun. 4, 581-588. 

Isaac& A. and Lindenmann, J. (1957) Virus interference: I. The interferon. Proc. R. Sot. Bl47,258-267. 
Jett, J.R., Mantovani, A. and Herberman, R.B. (1980) Augmentation of human monocyte-mediated 

cytolysis by interferon. Cell. Immunol. 54, 425-534. 
Knight, E., Jr. (1984) The molecular structure of interferons. In: Interferon 1. General and Applied 

Aspects (Billiau, A. and Finter, B., eds.). pp. 61-75. Elsevier Biomedical Press, Amsterdam. 
Le, J. and Vilcek, J. (1984) Lymphokine-mediated activation of monocytes: neutralization by mono- 

clonal antibody to interferon-y. Cell. Immunol. 85, 278-283. 
Lockart, R.Z., Jr. (1966) Biological properties of interferons; criteria for acceptance of a viral inhibitor 

as an interferon. In: Interferons (Finter, N.B., ed.). pp. l-20. North-Holland, Amsterdam. 
Lockart, R.Z.. Jr. (1973) Criteria for acceptance of a viral inhibitor as an interferon and a general de- 

scription of the biological properties of known interferons. In: Interferons and Interferon Inducers 
(Finter, N.B., ed.). pp. 11-27. North-Holland, Amsterdam. 

Lovett, M., Cox, D.R., Yee, D., Boll, W., Weissmann, C., Epstein, C.J. and Epstein, L.B. (1984) 
The chromosomal location of mouse interferon-o genes. EMBO J. 3, 1643-1646. 

Miinnel, D.N. and Falk, W. (1983) Interferon-y is required in activation of macrophages for tumor 
cytotoxicity. Cell. Immunol. 79, 396-402. 

Melby, K., Midtvedt, T. and Degre, M. (1982) Effect of human leukocyte interferon on phagocytic 
activity of polymorphonuclear leukocytes. Acta Path. Microbial. Immunol. Stand. Sect. B 900, 
181-184. 

Morley, J. (1978) Lymphokines. In: Inflammation (Vane, J.R. and Ferreira, S.H., eds.). pp. 314-342. 
Springer Verlag, Berlin. ’ 

Nathan, C.F., Murray, H.W., Wiebe, M.E. and Rubin, B.Y. (1983) Identification of interferon-y as 
the lymphokine that activates human macrophage oxidative metabolism and antimicrobial activity. 
J. Exp. Med. 158, 670-681. 

Naylor, S.L., Sakaguchi, A.Y., Shows, T.B., Law, M.L., Goeddel, D.V. and Gray, P.W. (1983) Hu- 
man immune interferon gene is located on chromosome 12. J. Exp. Med. 157, 1020-1027. 

Naylor, S.L., Gray, P.W. and Lalley, P.A. (1984) Mouse immune interferon (IFN-y) gene is on chro- 
mosome 10. Somat. Cell Mol. Genet. 10, 531-534. 

Pace, J.L., Russell, S.W., Leblanc, P. and Murasko, D.M. (1985) Comparative effects of various classes 
of mouse interferons on macrophage activation for tumor cell killing. J. Immunol. 134, 977-981. 

Poupart, P., De Wit, L. and Content, J. (1984) Induction and regulation of the 26-kDa protein in the 
absence of synthesis of B-interferon mRNA in human cells. Eur. J. Biochem. 143, 15-21. 



69 

Poupart, P., Vandenabeele, P., Cayphas, S., Van Snick, J., Haegeman, G., Kruys, V., Fiers, W. and 
Content, J. (1987) B-Cell growth modulating and differentiating activity of recombinant human 26 
Kd protein (BSF-2, HuIFN-P,, HPGF). EMBO J. (in press). 

Revel, M., Ruggieri, R. and Zilverstein, A. (1986) Expression of human IFN-8, genes in rodent cells, 
In: The Biology of the Interferon System 1985 (Stewart, W.E. and Schellekens, H., eds.). pp. 
207-216. Elsevier, Amsterdam. 

Schreiber, R.D. (1985) Molecular characterization of macrophage activating factor for tumor cytotox- 
icity. In: Mononuclear Phagocytes. Characteristics, Physiology and Function (Van Furth, R., ed.). 
pp. 523-530. Martinus Nijhoff, Dordrecht. 

Schreiber, D.R., Pace, J.L., Russell, SW., Altman, A. and Katz, D.H. (1983) Macrophage-activating 
factor produced by a T cell hybridoma: physicochemical and biosynthetic resemblance to y-inter- 
feron. J. Immunol. 131, 826832. 

Schultz, R.M., Chirigos, M.A. and Heine, U.I. (1978) Functional and morphologic characteristics of 
interferon-treated macrophages. Cell. Immunol. 35, 84-91. 

Sehgal, P.B. (1982) The interferon genes. Biochim. Biophys. Acta 695, 17-33. 
Sehgal, P.B. and Sagar, A.D. (1980) Heterogeneity of poly(I).poly(C)-induced human fibroblast in- 

terferon mRNA species. Nature 288, 95-97. 
Sehgal, P.B., May, L.T., Tamm, I. and Vilcek, J. (1987) Human 8z interferon and B-cell differentia- 

tion factor BSF-2 are identical. Science 235, 731-732. 
Shear, H.L. (1985) Interaction of macrophages and intra-erythrocytic malaria parasites. In: Mononu- 

clear Phagocytes. Characteristics, Physiology and Function (Van Furth, R., ed.). pp. 601-608. Mar- 
tinus Nijhoff, Dordrecht. 

Smith, K.A. (1986) Draft proposals for interleukin nomenclature. Immunol. Today 7, 321-322. 
Steeg, P., Moore, R.N., Johnson, H.M. and Oppenheim, J.J. (1982) Regulation of murine macro- 

phage Ia antigen expression by a lymphokine with immune interferon activity. J. Exp. Med. 156, 
1780-1793. 

Stewart, W.E. II et al. (1980) Interferon nomenclature. Nature 286, 110. 
Van Damme, J., De Ley, M., Claeys, H., Billiau, A., Vermylen, C. and De Somer, P. (1981) Inter- 

feron induced in human leukocytes by concanavalin A: isolation and characterization of y- and p- 
type components. Eur. J. Immunol. 11, 937-942. 

Van Damme, J., Billiau, A., De Ley, M. and De Somer, P. (1983) An interferon+like or interferon- 
inducing protein released by mitogen-stimulated human leukocytes. J. Gen. Viral. 64, 1819-1822. 

Van Damme, J., De Ley, M., Opdenakker, G., Van Beeumen, J., Billiau, A. and De Somer, P. (1984) 
Homogeneous interferon-inducing 22K factor is related to endogenous pyrogen. Nature 314,266-268. 

Van Damme, J., Opdenakker, G., Billiau, A., De Somer, P., De Wit, L., Poupart, P. and Content, 
J. (1985) Stimulation of fibroblast interferon production by a 22K protein from human leukocytes. 
J. Gen. Virol. 66, 693-700. 

Van Damme, J., Cayphas, S., Opdenakker, G., Billiau, A. and Van Snick, J. (1987a) Interleukin-1 
and poly(rI).poly(rC) induce production of a hybridoma growth factor by human tibroblasts. Eur. 
J. Immunol. 17, 1-7. 

Van Damme, J., De Ley, M., Van Snick, J., Dinarello, C. and Billiau,‘A. (1987b) The role of inter- 
feron-8, (IFN-8,) and the 26 kDa protein (IFN&, HPGF, BSF-2) as mediators of the antiviral ef- 
fect of interleukin-1 (IL-l) and tumor necrosis factor (TNF-a). J. Immunol. (submitted). 

Van Damme, J., Opdenakker, G., Simpson, R.J., Rubiza, M.R., Cayphas, S., Vink, A., Billiau, A. 
and Van Snick, J. (1987c) Identification of the human 26kD protein, interferon-p, (IFN-pz), as hy- 
bridoma/plasmacytoma growth factor induced by interleukin 1 and tumor necrosis factor. J. Exp. 
Med. 165, 914-919. 

Weil, J., Epstein, C.J. and Epstein, L.B. (1983) A unique set of polypeptides is induced by y inter- 
feron in addition to those induced by a and 8 interferons. Nature 301, 437-439. 

Weinberg, J.B., Chapman, H.A. and Hibbs, J.B. (1978) Characterization of the effects of endotoxin 
on macrophage tumor cell killing. J. Immunol. 121, 72-80. 

Weissenbach, J., Chernajovsky, Y., Zeevi, M., Landau, T. and Revel, M. (1979) Identification of the 
translation products of human libroblast interferon in mRNA in reticulocyte lysates. Eur. J. Biochem. 
98. 1-8. 



70 

Weissenbach, J., Chernajovsky, Y., Zeevi, M., Shulman, L., Soreq, H., Nir, U., Wallach, D., Per- 
ricaudet, M., Tiollais, P. and Revel, M. (1980) Two interferon mRNA in human libroblasts: in vi- 
tro translation and Escherichin coli cloning studies. Proc. Natl. Acad. Sci. USA 77, 7152-7156. 

Wheelock, E.F. (1965) Interferon-like virus inhibitor induced in human leukocytes by phytohemagglu- 
tinin. Science 141, 310-311. 

Youngner, J.S. and Salvin, S.B. (1973) Production and properties of migration inhibitory factor and 
interferon in the circulation of mice with delayed hypersensitivity. J. Immunol. 111, 1914-1922. 

Zilberstein, A., Ruggieri, R. and Revel, M. (1985) Human interferon-&: is it an interferon-inducer? 
In: The Interferon System. Serono Symposia Publications, Vol. 24 (Dianzani, F. and Rossi, G.B., 
eds.). pp. 73-83. Raven Press, New York. 

Zilberstein, A., Ruggieri, R., Kern, J.H. and Revel, M. (1986) Structure and expression of cDNA and 
genes for human interferon-beta-2, a distinct species inducible by growth-stimulatory cytokines. 
EMBO J. 5, 2529-2537. 

Zucali, J.R., Dinarello, CA., Oblon, D.J., Gross, M.A., Anderson, L. and Weiner, R.S. (1986) In- 
terleukin-1 stimulates hbroblasts to produce granulocyte-macrophage colony-stimulating activity and 
prostaglahdin Ez. J. Clin. Invest. 77, 1857-1863. 


